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Abstract 

Objective: Retinol-binding protein 4 (RBP4) has recently been reported to be associated with insulin 
resistance (IR) and the metabolic syndrome by a number of researchers in various populations. However, 
controversies are present among different studies, which might be due to the differences between various 
ethnic, age, and sex groups. This study aimed to determine whether RBP4 can be assumed as a marker of IR 
and the metabolic syndrome in the Iranian obese children. 

Methods: In the present longitudinal cross-sectional study, 100 5-17 years old obese children were recruited 
from January 1, 2011 to February 1, 2012. The patients' information including the demographic variables, 
health status and behavior, and daily physical activity were collected. Moreover, serum RBP4 was measured 
and correlated with the homeostasis model assessment of IR index (HOMA-IR), components of the metabolic 
syndrome, and lipoprotein metabolism. 

Findings: The results revealed a positively significant correlation between RBP4 and the HOMA-IR index 
(P=0.02). Partial Spearman test also revealed a significant correlation between RBP4 plasma concentrations 
and the components of the metabolic syndrome, including waist circumference, systolic (but not diastolic) 
blood-pressure, and fasting blood sugar (P<0.05). However, no significant correlation was observed between 
RBP4 and HDL (P=0.3) as well as triglycerides concentration (P=0.1). Moreover, plasma RBP4 level gradually 
increased with the increasing number of the metabolic syndrome components. 

Conclusion: Regarding the results of the present study and previous investigations, RBP4 seems to be a 
suggestible predictive marker for both insulin resistance and metabolic syndrome in Iranian obese children; 
however, further studies are needed to be conducted among different ethnicities and age groups in order to 
determine the predictive value of this correlation. 
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Introduction 

Obesity has turned out to be a global concern and 
has reached an epidemiologic proportion 
worldwide, which is mostly assumed to be 
because of the alterations in diet and sedentary 



lifestyle particularly among the children. Obesity 
is a major cause of Insulin Resistance (IR), 
especially due to the secretions of the active 
adipose tissue hormones, namely adipokines, 
leading to enhancing and/or impairing insulin 
actiont 1 !. 



* Corresponding Author; 

Address: Division of Endocrinology, Department of pediatrics, Namazi hospital of Shiraz University of Medical Sciences, Namazi Square, Shiraz, Iran 
E-mail: soashkani@gmail.com 

© 2013 by Pediatrics Center of Excellence, Children's Medical Center, Tehran University of Medical Sciences, All rights reserved. 

Iran ) Pediatr: Vol 23 (No 4), Aug 2013 
Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir) 



Saki F, et al 



397 



IR also plays a crucial role in pathogenesis and 
is known as a hallmark of Metabolic syndrome; a 
syndrome which may include a number of 
metabolic abnormalities, including dyslipidemia 
(decreased HDL level and increased serum 
triglycerides concentration], hypertension, and 
hyperglycemia! 2 ' 3 !. Moreover, the metabolic 
syndrome is related to the increased risk of 
cardiovascular diseases as well as diabetes 
mellitus type 2! 4 ' 5 !. Regarding the importance of 
global epidemics of obesity and its comorbidities, 
particularly IR and metabolic syndrome, 
identifying the key predictive factors, early 
diagnosis, and new intervention methods are of 
great importance in order to prevent the disease. 

The relationship between IR and certain 
inflammatory factors, such as C-reactive protein 
(CRP), TNF-alpha, IL-6, and adipokines, 
specifically adiponectin, has been well 
documented! 6 ' 7 !. Retinol-binding protein 4 (RBP4] 
is a transport protein for retinol (vitamin A), 
which is mainly synthesized by hepatocytes and 
also adipose tissue and is secreted into circulation 
bound to retinol and transthyretin! 8 ]. In addition 
to retinol transportation, RBP4 upregulation was 
reported to be correlated with obesity and IR! 9 !. 
RBP4 has received much attention as a potential 
predictor for IR and metabolic syndrome! 913 !. A 
noticeable increase in RBP4 plasma level was 
observed not only in animal models of obesity and 
insulin resistance, but also in diabetic human! 89 !. 
Many studies have declared the relationship 
between the increased circulating RBP4 and 
different aspects of obesity! 1419 !, increased fasting 
plasma glucose levels (FPG)! 15 25 !, dyslipidemia, 
and iR[io-i3,2o-23] ( whereas some others showed no 
relationship between plasma RBP4 and IR! 1424 !. 
The causes of such differences have not been 
clarified yet. Of course, varieties in the populations 
under study, age, sample size, and assaying 
methods may explain some of these differences. 
Hence, the correlation between plasma levels of 
RBP4 and IR and the predictive value of this 
marker for IR and metabolic syndrome are yet to 
be established. 

Therefore, the present study aimed to 
investigate whether RBP4 plasma level is 
correlated with IR, metabolic syndrome, and its 
individual components in the 5-17 year old 
Iranian obese children. 



Subjects and Methods 
Population 

In this longitudinal cross-sectional study 100 
obese children aged 5-17 years and BMI>95 
percentile for age and sex! 25 ! referred to the 
pediatric endocrinology clinics of Shiraz 
University of Medical Sciences, Shiraz, Iran from 
January 1, 2011 to February 1, 2012 were 
recruited. The inclusion criteria were: 1) BMI 
>95% percentile for age and sex, 2) Age 5 to 17 
years, and 3) Confirmation by the parents to 
participate in the study after being orally 
presented with the objectives of the study and 
signing written informed consent. The exclusion 
criteria of the study were: 1] liver diseases except 
viral hepatitis, autoimmune hepatitis, Wilson, ctl- 
antitripsin deficiency, and hemochromatosis, 2) 
acute and chronic renal failure, 3) Acute illnesses, 
4] diabetes mellitus, 5) recent trauma, 6) 
consuming any medication, e.g. oral hypoglycemic 
agents, hypolipidemic agents, and alcohol, 7) 
cardiovascular and endocrine system diseases. 
The data on the demographic variables, health 
status, and behavior, and daily physical activity 
were collected by using a standardized 
questionnaire. All the participants were required 
to fast overnight (>6 hrs) before the laboratory 
evaluations and physical examinations by a 
pediatric endocrinologist. The patients were also 
evaluated regarding height, weight, waist 
circumference (WC), hip circumference (HC), 
waist to hip circumference ratio (WC/HC), blood 
pressure, puberty Tanner staging, and clinical 
evidence of insulin resistance (eg Acanthosis 
nigricans]. Then, blood samples were collected in 
tubes containing liquid EDTA, centrifuged at 4 °C, 
and kept at -80 °C until analysis. 

Serological measurements 

Serum triglyceride (TG], total cholesterol (Choi), 
high density lipoprotein (HDL], low density 
lipoprotein (LDL), and fasting plasma glucose 
(FPG) were assessed on a Kodak Ektachem 702 
Analyzer with an enzymatic method (Eastman 
Kodak, Rochester, NY), and glycated hemoglobin 
(HbAlc) was measured using a commercial kit 
(Unimate HbAlc; Roche Diagnostics, Basel, 
Switzerland) by a single expert lab technician. 

In addition, fasting insulin level (FI) was 
measured through a completely homologous 
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radioimmunology assay (Linco Research inc., St. 
Charles, MO), which had less than 0.2% cross- 
reaction with proinsulin, with an assay sensitivity 
of 2.3 rU/ml, and intra- and inter-assay coefficient 
of variation of 7% and 9%, respectively. Finally, 
serum RBP4 (pg/ml] was estimated by an 
enzyme-linked immunosorbent assay (ELISA) 
(Sali-Savers®, ALPCO Diagnostics, Windham, NH) 
with a sensitivity of 8.94 ng/ml (IC20), 46.30 
ng/mL (IC50), and 219.17 ng/mL (IC80), 
respectively. The intra-assay coefficient of 
variation was 1.9-4.6% and inter-assay was 6.7- 
8.8%. 

Definition of metabolic syndrome and degree of 
Insulin resistance 

According to the National Cholesterol Education 
Program (NCEP), children and adolescents 
meeting at least three of the following criteria are 
qualified as having the metabolic syndrome: 
elevated blood pressure >90 th percentile for age 
and sex, HDL cholesterol <40 mg/dl, TG level>110 
mg/dl, FPG level >100 mg/dl, and WC >90 th 
percentile for age and sex. 

The degree of IR was determined by the 
Homeostatic model assessment (HOMA-IR) using 
the following formula! 26 !: Fasting insulin (uU/ml) 
xfasting blood sugar (mmol/L]/22.5; HOMA-IR 
higher than 3 was considered as insulin 
resistant! 27 ]. 



Ethics 

The protocol of this study was approved by 
Medical Ethics Committee of Shiraz University of 
Medical Sciences, Shiraz, Iran. 

Statistical analysis 

The study data were analyzed using the SPSS 
statistical software (Version 16, Chicago, IL, USA). 
The normally distributed data were expressed as 
means+standard deviation (SD). Multivariable 
regression analysis was used to estimate the 
partial association between markers of the 
metabolic syndrome and the serum RBP4 
concentration; moreover, correlation coefficients 
between RBP4 and metabolic features and HOMA- 
IR index were estimated by correlation analysis on 
ranks (Pearson correlation]. P value <0.05 was 
considered as statistically significant. 



Findings 

The present study investigated 100 Iranian obese 
children (35 male and 65 female) 5-17 years old 
with characteristics demonstrated in Table 1 
regarding RBP4 plasma concentration, 
components of insulin resistance, metabolic 
syndrome, and some other anthropometric 
parameters. 



Table 1: Characteristics of study participants a 



Variable 


Mean (SD) 


Age (years) 


11.37(3.06) 


Height (cm) 


141.88 (16.4) 


Weight (cm) 


62.17(26.27) 


BMI (kg/mz) 


30.29(8.21) 


Acanthosis nigricans (yes) 


53.8% 


Systolic blood pressure (mm Hg) 


116.9(13.2) 


Diastolic blood pressure (mm Hg) 


74.06 (7.6) 


waist circumference (cm) 


87.43 (15.83) 


Hip circumference (cm) 


92.1 (15.56) 


Waist to hip ratio 


0.94 (0.02) 


Fasting plasma glucose (mmol/1) 


5.24 (0.49) 


Fasting insulin (ull/ml) 


21.07(13.97) 


Triglycerides (mg/dl) 


119.3 (91.6) 


Total Cholesterol (mg/dl) 


159.45 (28.9) 


Low density lipoprotein (mg/dl) 


86.6 (21.2) 


High density lipoprotein (mg/dl) 


45.3 (10.21) 


Retinol-binding protein 4 (pg/ml) 


19397(3121) 


Homeostasis model assessment of IR index 


5.52 (3.79) 



a These variables were log transformed before analyses; SD: Standard deviation 
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Table 2: Partial Spearman correlation coefficient among Retinol-binding protein 4 values, metabolic syndrome 

components, and other metabolic parameters 



RBP4 BMI WC SBP DBP TG FPG HDL LDL Choi HbAlc Fastl *}g 

Insulin 



BMI 

WC 

SBP 

DBP 

TG 

FPG 

HDL 

LDL 

Choi 

HbAlc 

Fasting insulin 
HOMA-IR index 



0.28 
0.42 ^ 
0.35b 
0.02 
0.22 
0.31b 
-0.15 
0.11 
0.18 
0.31b 
0.34b 
0.35b 



0.81* 
0.52* 
-0.01 
-0.07 
0.21 
-.02 
0.02 
-.01 
-0.11 
0.33 b 
0.25 



0.46 a 
0.09 
0.20 
0.36 b 
-0.10 
-0.19 
0.13 
0.02 
0.35 b 
0.32 b 



0.25 
0.08 
0.01 
-0.19 
0.16 
0.15 
-0.18 
0.16 
0.16 



0.12 
-0.07 
-0.17 
0.19 
0.19 
0.17 
-0.07 
0.08 



0.05 

-0.62 a 

-0.01 

0.04 

0.21 

0.24 

0.36 b 



-0.01 
-0.17 
-0.07 
0.39* 

0.47 a 
0.45 a 



0.32b 

0.38 a 

-0.01 
-0.03 
-0.18 



0.96 a 

0.15 
0.03 
0.01 



0.19 
0.06 
0.06 



0.12 
0.17 



0.99 a 



RBP4: Retinol binding protein 4; BMI: Body mass index; WC: Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic 
blood pressure; TG:, triglycerides; FPG, fasting plasma glucose; HDL: High density lipoproteins; LDL: Low density lipoproteins; Choi: 
Total cholesterol; HOMA-IR: Homeostasis model assessment of IR; HbAlc; Glycated hemoglobin (HbAlc "P <0.005 h P <0.05 



The relationship between RBP4 and Insulin 
resistance 

As it is exhibited in Table 2 there are positive 
correlations between RBP4 and HbAlc (P=0.03], 
fasting insulin (P=0.03), FPG [P=0.04), and 
expectedly the HOMA-IR index (P=0.02), which 
indicated the relationship between RBP4 plasma 
level and IR. 16 patients fulfilled 3 out of 5 
characteristics of metabolic syndrome. The results 
of regression analysis between RBP4 and HOMA- 
IR index were consequential among the entire 
study population and the group of insulin resistant 
cases in particular (HOMA-IR>3) while among 
non-insulin resistant group it was not noticeable 
(Fig. 1). However, no significant relationship was 
observed between the presence of the clinical 
symptoms of IR, such as Acanthosis nigricans and 
the RBP4 level (P=0.08). Furthermore, no 



significant difference was found between male and 
female patients regarding RBP4 concentrations. 

Regarding the Tanner staging system of 
puberty, 52.9%, 19.6%, 15.7%, and 11.8% of the 
patients were in stages 1, 2, 3, and 4, respectively, 
with inconsequentially different plasma RBP4 
levels (P=0.4). 

The relationship between RBP4 and Metabolic 
syndrome components as well as other 
metabolic parameters 

Pearson correlation analysis revealed a 
significant positive correlation between RBP4 
plasma concentrations and the components of the 
metabolic syndrome, including WC (P=0.006), SBP 
(P=0.009), and FPG (P=0.04), while no significant 
relationship was observed between RBP4 and DBP 
(P=0.6], HDL (P=0.4), and TG (P=0.1). 



Total Insulin resistant Non-insulin resistant 




RBP4 Plasm* Level (pgfml) RBP4 Piajma Level (pgfml) RBP4 Platma Level (pgtail) 

Fig. 1: RBP4 and HOMA-IR index in the entire population, the group of insulin resistant cases (HOMA-IR>3), and in the 
group of non-insulin dependent subjects. The regression analysis reveals significant association between RBP4 and HOMA- 
IR in the total and insulin resistant groups while this relationship is inconsiderable in the non-insulin dependent patients 
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RBP4 levels and the number of Metabolic Syndrome components 
35O0O 




Moreover, plasma RBP4 concentrations 
gradually increased with the increasing number of 
present metabolic syndrome components (Fig. 2). 
The mean (±SD) values of RBP4 levels (pg/dl) for 
those with zero to five components were 17791.43 
(±2340.16), 19197.5 (±4063.37), 20059.01 
(±2507.46), 22841.67 (±2095.11), 23621.43 
(±3857.15), and 24695.01 (±4512.45), 
respectively. The corre- lations between RBP4 and 
other metabolic parameters which are involved in 
the development of the metabolic syndrome (e.g. 
LDL and Cholesterol) are demonstrated in Table 2. 



Discuss/on 

Previous studies revealed a positive correlation 
between circulating RBP4, a transport protein for 
vitamin A, and the biochemical markers of 
carbohydrate metabolism as well as the factors 
contributing to the metabolic syndrome and 
insulin resistance state. Specifically, circulating 
RBP4 has been found to be positively correlated 
with FPG, FI, HbAld 10 !, and HOMA-IR index! 15 ! and 
negatively correlated with glucose disposal 
rate! 10 ' 15 ' 17 !. Plasma RBP4 level was shown to be 
negatively associated with peripheral insulin 
sensitivity! 28 !. Some investigations declared that 
RBP4 plasma concentration is higher in the 
patients with metabolic syndrome in comparison 
to those without the metabolic syndrome! 11 ' 29 !. 



Moreover, RBP4 has shown correlations with the 
number of the metabolic syndrome parameters as 
well as the value of each parameter, among which 
TG has the strongest and most steady correlation 
with RBP4 level! 1129 !, while the weakest and the 
least frequent association has been reported for 
FPG! 1130 !. von-Eynatten et al (2007) reported no 
significant relationship between RBP4 and HOMA- 
IR index or HbAlc for insulin resistance; however, 
they found significant positive correlations 
between RBP4 and Choi, LDL, TG, and hepatic 
lipase activity in the patients with type 2 
diabetes! 31 !. Qibin et al (2007) also conducted a 
study on Chinese population and reported RBP4 
levels to be positively associated with BMI, WC, 
TG, LDL, blood pressure, fasting insulin, and 
HOMA-IR index while negatively related to HDL. 
They also showed that the level of RBP4 increased 
with the increase in the number of the metabolic 
syndrome components! 11 !. In a study conducted by 
Aeberli et al (2007), RBP4 was seen to be 
significantly correlated with TG and fasting insulin 
among normal and obese children of Northern 
Switzerland aged between 6 and 14 years! 32 !. 
Moreover, Yang et al showed that RBP4 caused IR 
in a laboratory model by reducing the GLUT4 
expression in the adipose tissue but not in the 
muscle tissue! 9 !. Furthermore, Graham et al (2006) 
reported that serum RBP4 levels were associated 
with the magnitude of IR in obesity, impaired 
glucose tolerance, and type 2 diabetic cases, and 
also non-obese, non-diabetic individuals with a 
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strong family history of type 2 diabetes. They also 
found that RBP4 concentration was positively 
correlated with the components involved in the 
metabolic syndrome, including BMI, WC/HC, TG, 
and SBP while negatively correlated with HDL. A 
reduction in serum RBP4 was also observed in the 
subjects who had improvement from IR state! 10 !. 

The present study on the Iranian obese children 
aged 5 to 17 years showed that RBP4 plasma 
concentration was positively associated with some 
metabolic syndrome components, including WC, 
FPG, and blood pressure. Moreover, we 
demonstrated that with the increase in the 
number of the components of metabolic 
syndrome, RBP4 level was increased. In this 
investigation, RBP4 was revealed to be 
significantly associated with HOMA-IR index, as an 
indicator of IR state. 

One of the limitations of the present study was 
that serum retinol level, RBP4 to serum ratio, 
serum ferritin concentration, C-reactive protein, 
plasma uric acid levels! 33 !, and renal function, and 
some other confounding factors, were not 
considered. Among these, serum ferritin was 
introduced as an independent determinant of poor 
metabolic control in the diabetic patients, and also 
a marker of IRP*]. According to a study conducted 
by Yudkin et al, it is declared that inflammatory 
state and plasma level of C-reactive protein, that 
we did not estimate in this study, may induce 
insulin resistance and affect the level of RBP4! 35 !. 
Serum uric acid level was also reported to have a 
positive correlation with IR by Rathmann et al! 33 !. 
Due to the large amount of blood sampling for 
other important serum tests in our study, we 
omitted these examinations and tried to rule out 
the inflammation through medical history, 
physical examination, and WBC counts of the 
patients. 



Conclusion 

Overall, considering previous researches and the 
present study, RBP4 plasma concentration is 
correlated with metabolic syndrome, 
constitutional factors as well as insulin resistance 
among 5-17 years old Iranian children. Although 
further longitudinal studies are still needed to be 



conducted on different ethnic populations and 
various age groups to realize whether these 
associations are dependent on any environmental 
variable and/or genetical background, our 
findings provide a novel insight into the potential 
role of RBP4 in pathogenesis of the metabolic 
syndrome and insulin resistance. 
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